We report the evaluation of the Bruker Biotyper MS (BMS) system for the identification (ID) of 437 isolates of uncommon species of Candida (106 isolates; 17 species), non-Candida yeasts (100 isolates, 16 species), Aspergillus (164 isolates; 11 species) and nonAspergillus moulds (57 isolates; 36 species) collected from 68 laboratories in 2012. Using confidence scores of ≥1.7 to <2.0 for genus only ID and scores of ≥2.0 for species-level ID, BMS correctly IDed 89.8% of yeasts and 85.5% of moulds to the genus level and 71.3% and 73.3%, respectively, to the species-level. Applying a lower threshold of >1.7 for species-level ID to isolates included in the BMS database improved the accuracy of species ID from 88.7% to 99.0% for Candida, from 65.4% to 91.3% for non-Candida yeasts and from 78.6% to 85.4% for moulds. BMS gave a result of no identification to those species not included in the database and generated very few (5 total, all moulds) mis-IDs, all of which were correctly IDed at the genus-level.
INTRODUCTION
The frequency of occurrence of invasive fungal infections (IFI) coupled with an ever-increasing diversity of opportunistic yeasts and moulds capable of causing serious IFIs significantly impact the ability to diagnose and treat these infections even in the present era of echinocandins and mould-active triazole antifungal agents (Alastruey-Izquierdo et al., 2013; Arendrup et al., 2013; Azie et al., 2012; Brown et al., 2012; Pfaller et al., 2009; Pfaller and Diekema, 2010; Pfaller et al., 2012) .
Serious life-threatening infections are being reported with an expanding array of pathogens including the well-known opportunists Candida albicans, Cryptococcus neoformans and Aspergillus fumigatus (Azie et al., 2012; Brown et al., 2012; Pfaller and Diekema, 2004; 2010.) New and emerging fungal pathogens include species of Candida and Aspergillus other than C. albicans and A. fumigatus; opportunistic yeast-like fungi such as Cryptococcus gattii, Trichosporon spp., Dipodascus capitatus, Rhodotorula spp., and Saceharomyces cerevisiae; the mucormycotes; hyaline moulds such as Fusarium, Acremonium, Scedosporium, Paecilomyces (Purpureocillium) and Trichoderma species; and a wide variety of demateaccores moulds (AlastrueyIzquierdo et al., 2013; Brown et al., 2012; Pfaller et al., 2012; Pfaller et al., 2013) . Accurate identification (ID) of these organisms is important in guiding therapy and determining prognosis in these IFIs as well as in epidemiological surveys (Balajee et al., 2009; Borman et al., 2012; Brandt and Park, 2013; Linton et al., 2007; Pounder et al., 2007) . Conventional methods of yeast and mould ID take into account biochemical and morphological characteristics and are both slow and labor intensive requiring considerable mycological expertise (Alastruey-Izquierdo et al., 2013; Balajee et al., 2009; Borman et al., 2012; CendejasBueno et al., 2010; Latouche et al., 1997; Meletiadis et al., 2011; Sanguinetti et al., 2007) . Furthermore, classical methods of ID that rely on phenotypic characteristics increasingly have been shown to mis-ID the less common yeasts and moulds with potentially deleterious effects on informed therapeutic choices and patient management (Alastruey-Izquierdo et al., 2013; Borman et al., 2012; Castanheira et al., 2013; Pfaller et al., 2012) . Whereas molecular methods for ID of yeasts and moulds represent improvements in timelines and accuracy of fungal ID, even DNA sequence-based fungal ID has several limitations (Cassagne et al., 2011) . Issues with DNA extraction, cost and the need for highly trained personnel put molecular ID methods out of reach for most clinical microbiology laboratories (Balajee et al., 2009; Cassagne et al., 2011) . Indeed, in 2007 only 17% of clinical laboratories in the United States performed molecular analysis of fungi (Balajee et al., 2007) .
In light of these concerns the introduction of a new proteomic technology, matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) has revolutionized the ID of microorganisms, including yeasts and moulds (Buchan and Ledeboer, 2013; Cassagne et al., 2011; Patel, 2013) .
MALDI-TOF MS is a technique that generates a protein-based spectrial profile that is unique to a given species of microorganism and has been shown to be highly accurate, rapid and Issue 3
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3 cost-effective in the ID of bacteria and most yeasts of clinical importance (Buchan and Ledeboer, 2013; Patel, 2013) . The application of MALDI-TOF MS to the ID of moulds has been more limited to date with the greatest experience having to do with the ID of Aspergillus species (Alanio et al., 2011; Cassagne et al., 2011; De Carolis et al., 2012) .
In the present study, we assessed the utility of the Bruker Daltonics MALDI Biotyper (Freemont, CA) for the ID of yeasts and moulds submitted during the course of the SENTRY Antifungal Surveillance Program (2012) that presented significant challenges to conventional methods of ID: rare species of Candida (other than C. albicans, C. glabrata, C. parapsilosis, C. tropicalis or C. krusei), non-candidal yeasts, Aspergillus spp., and other moulds. The reference ID for each isolate was determined using DNA sequence-based methods as described previously (Pfaller et al., 2012 sequences that were considerably different from the majority of entries for one species were considered outliers and discarded in the analysis. Additionally, if no match was found in the database, the ID was based on species complex, genus, family, or order, according to the most current classification system. MALDI-TOF MS. All isolates were tested via MALDI-TOF MS using the Burker Daltronics MALDI Biotyper (Freemont, CA, USA) by following the manufacturer's instructions and previously described guidelines for yeast and mould ID (Cassagne et al., 2011; Cassagne et al., 2013; Van Herendael et al., 2012) . All yeasts were extracted from cultures on Sabouraud dextrose agar (Remel, Lenexa, KS, USA) by the complete extraction procedure as recommended by the manufacturer. Moulds were grown on potato dextrose agar slants (Remel) until mature and transferred to Sabouraud dextrose broth (Becton Dickinson, Maryland, USA). These tubes were placed on a rotator and incubated for 24 to 48 hours at 35°C or room temperature, as appropriate.
Fungal material was centrifuged, and the pellet was washed twice with sterile water. The pellet was then suspended in water and ethanol (proportions??), centrifuged and decanted; 50 µl of 70% formic acid was added, mixed and allowed to incubate at room temperature (?) for at least 10 minutes (?range?). Acetonitrile (Sigma Aldrich, St. Louis, MO, USA) was then added and following centrifugation the supernatant (?volume?) was applied on a spot of polished steel target (Bruker) and air dried. Each spot was then covered by a matrix solution of 2-cyano-4-hydroxycinnamic acid (Sigma) in 50% acetonitrile and __________________ (scan got cut off!) whether an isolate ID was classified as species-level, genus-level or unidentified was based on confidence scores as determined by the manufacturer: confidence scores of ≥2.0 are considered secure species-level ID, scores of 1.7 to <2.0 are considered genus-only ID, and scores of <1.7 are considered unreliable ID and termed unidentified.
RESULTS AND DISCUSSION
Fungal isolates. Among the 437 isolates IDed by molecular methods in this study, 106 were Candida spp. (17 species), 110 were non-Candida yeasts (16 species), 164 were Aspergillus spp (11 species) and 57 were non-Aspergillus moulds (36 species) (Tables 1-3) . Overall the ID provided by the submitting laboratory was confirmed by DNA sequence analysis in 83.5% of the isolates (84.3% of yeasts and 82.8% of moulds).
MALDI-TOF MS identification of Candida spp. Among the 106 isolates of uncommon species of Candida, 93.4% were IDed correctly to genus and 81.1% were IDed correctly to species by MALDI-TOF MS (Table 1 ). There were seven isolates (6.6%) for which the MALDI-TOF MS result was unidentified (no reliable identification; confidence score <1.7) of which C. bracarensis (1 isolate), C. fabianii (2 isolates), C. fluviatilis (1 (Table 2 ). There were 15 isolates (13.6%) that were unidentified by MALDI-TOF MS, 6 of which were not contained in the Bruker database and 9 of which were isolates of C. neoformans where ID was not possible due to a lack of detectable peaks despite multiple attempts at extraction. Among the 53 isolates of C. neoformans for which extraction was successful, all were correctly IDed at the genus level, 33 of which were IDed correctly to species with a confidence score of ≥2. The remaining 20 isolates of C. neoformans were also correctly IDed to species but with confidence scores ranging from 1.731 to 1.913 (Table 4) . Similarly, the 2 isolates of C. gattii were IDed correctly to species but with confidence scores of 1.802 and 1.970 (Table 4) .
Among the remaining 9 species (40 isolates) of non-Candida yeasts that were represented in the Bruker database, 87.5% were IDed correctly to species and 100.0% were IDed correctly to genus. As with Candida spp., of the 5 isolates that were IDed to genus but not to species, 4 isolates of R. mucilaginosa and 1 isolate of S. cerevisiae were correctly IDed to species but with confidence scores ranging from 1.875 to 1.995 ( (Table 4) .
The results of this study both confirm and extend the findings of other investigators who have assured the ability of the Bruker Biotyper to ID clinically relevant yeasts and moulds (Alanio et al., 2011; Buchan and Ledeboer, 2013; Cassagne et al., 2011; Cassagne et al., 2013; Chen et al., 2013; De Carolis et al., 2012) . The collection of 80 different species of clinically relevant yet rare yeasts and moulds all IDed by reference DNA sequencing methods presented a rigorous challenge to the Bruker MS system. Overall, 89.8% of yeasts and 85.5% of moulds were correctly IDed to the genus level; 71.3% and 73.3%, respectively were correctly IDed to the species level. Whereas, these figures may be lower than those reported by others, this is to expected given the challenging nature of this Issue 3
Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 7 organism collection. It should be noted that whereas the confidence scores of ≥2.0 used for secure species level ID in the present study are those recommended by the manufacturer, other investigators have suggested that this breakpoint may be overly conservative and that lowering the secure species threshold to 1.8 improved species level ID of yeasts from 87%-92% to >99% of isolates while preserving 100% accuracy of IDs (Buchan and Ledeboer, 2013; Dhiman et al., 2011; Stevenson et al., 2010) . In another study VanHerendael et al (2012) found that 100% of isolates with lower confidence scores indicating genus only ID were also correctly IDed to species level. Applying the lower threshold of >1.7 for species level ID to isolates included in the Bruker database in the present study improves the accuracy of species ID from 88.7% to 99.0% for Candida, from 65.4% to 91.3% for non-Candida yeasts and from 78.6% to 85.4% for moulds. Overall the accuracy of the Bruker Biotype for species level ID of rare yeasts and moulds represented in the database improved from 77.6% to 90.2% when a confidence score of >1.7 was used as the secure species threshold.
In conclusion we have demonstrated a high degree of accuracy for the Bruker Daltronics MS Biotyper in the ID to both genus and species of a challenging set of uncommon yeasts and moulds collected in the context of a global fungal surveillance program. The Bruker system was most accurate for the species level ID of uncommon species of Candida and of Aspergillus but the accuracy improved for both yeasts and moulds when the lower threshold of >1.7 was used. As seen by other investigators the Bruker system gave a result of no identification to those species not included in the database and generated very few (5 total) mis-IDs. In considering the rare mis-IDs, all were correctly IDed at the genus level. The Bruker Biotyper should prove to be a major advance for clinical microbiology laboratories providing rapid and accurate ID of common and uncommon species of yeasts and moulds in addition to bacteria. 
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